INTRODUCTION
The Internet's role in health care is growing rapidly. Over three quarters of the U.S. population is connected to the internet, and 59 % of Americans use the internet to access health care resources, obtain medical information, and communicate with others, including their health care providers, to support their health. 1 Internet-based communication between patients and clinicians is a promising application of health information technology. Electronic patient portals and secure messaging for health-related communication are widely expected to improve health care value through streamlined communication, increased provider efficiency, facilitation of shared decision-making, patient self-management, and greater patient satisfaction. [1] [2] [3] [4] [5] [6] Recent studies have shown that communication between patients and their health care teams via email or a patient portal with secure web messaging can increase patient satisfaction, enhance provider productivity, and improve health care quality. [5] [6] [7] [8] Health and Human Services' inclusion of patient portals as part of 'meaningful use' standards for electronic health records 9 and the federally legislated financial incentives in the Health Information Technology for Economic and Clinical Health (HITECH) Act 10 are making access to these web-based tools for patient-provider communication the standard of care. Despite this, implementation of technologies for health-related electronic communication has lagged, particularly in community health centers. Disparities in adoption of internet-based health communication have been shown for patients with lower income, those with less education, racial and ethnic minorities, the uninsured, and those with low literacy or for whom English is not their primary language. [11] [12] [13] [14] [15] [16] [17] [18] [19] These same patient populations already face well-described disparities in health and health care. The digital divide threatens to further harm the health of these vulnerable populations by excluding them from the benefits of internetbased communication with their health care provider. [20] [21] [22] Understanding and advancing the use of health information technology among vulnerable populations has therefore been identified as a national research and policy priority. 12, 13 Moreover, there is evidence of a 'digital divide' in the U.S., particularly an inequity in internet access for those with fewer economic and social resources. 9, 10 Safety net clinics and health systems care for a disproportionate number of patients and communities likely to be disadvantaged by the digital divide. These same clinics often have a significant need for improved communication with their patients. 16, 17 However, a purported lack of access to the internet among low-income populations has led many to question whether the spread of patient portals and internet-based health communication will have benefits for these groups.
While data on electronic health care encounters and patient portal use in large integrated health systems 18 have shown benefits to patients in these settings, few studies have looked at the potential of these communication technologies to benefit vulnerable populations. To date, access to, interest in, and attitudes toward internet-based tools for patient-provider communication have not been explored in depth in these populations, particularly in low-income, publicly insured or uninsured groups. Therefore, we aimed to characterize access to and interest in internet-based communication in a broadbased and ethnically, economically, and linguistically diverse group of patients from a large urban safety net clinic network.
METHODS

Participants
We surveyed adult patients (≥ 18 years) about their access to and interest in health-related electronic communication in six resource-limited community clinic settings within the San Francisco Department of Public Health (SFDPH). These clinic sites are Federally Qualified Health Centers (FQHCs). Minors, those unable to provide consent or with diminished capacity to consent, and those who did not speak English, Spanish, Cantonese or Mandarin were excluded from the study.
Setting
Clinics where patients were recruited were part of the San Francisco Community Health Network. 
Survey Administration
Patients were approached in SFDPH clinic waiting rooms by study staff. Study investigators introduced themselves, explained that they were conducting a survey to study use of electronic or web-based communication by patients in the clinic, and then asked each patient if he/she was interested in participating in the 10-minute survey. If the patient was agreeable, he/she provided informed consent and the survey was administered. Study investigators asked participants whether they wanted help understanding the survey. If they asked for help, the surveys were intervieweradministered, though this occurred less than10 % of the time. Most surveys were self-administered. Some patients were called into the clinical visit before completing the survey. The University of California San Francisco Institutional Review Board approved the study.
Measure Development
Surveys were designed to gather descriptive statistics to characterize patient and provider use of and interest in email, as well as barriers to its use. Surveys were developed by an iterative consensus process with input from primary care providers, experts in communication with populations having low English proficiency, and external experts in patient-facing health information technology. Surveys were revised with feedback from patients and study staff. Surveys were translated into Spanish and Chinese. To ensure accuracy of translation, the surveys were translated back into English by native Spanish and Cantonese speakers. A full copy of the survey is included as an appendix (available online).
Electronic Communication Use and Interest. We examined two electronic communication outcomes: 1) current email use in everyday life and 2) interest in using email to communication specifically with healthcare providers. To assess current use of electronic communication we asked patients, "How often do you use email (either your own account or someone else's)?" The term "email" was used throughout the survey as a readily understandable alternative to more technical terms like "patient portal" or "secure electronic messaging". We also captured frequency and location of email use. To assess interest in electronic health-related communication, participants were asked, "Would you like to use email to communicate with your doctor or nurse?" As secondary outcomes, we assessed current use of text messaging and interest in using texts for health care purposes.
Demographic Measures. Demographic characteristics were measured, including gender, age, income, education level, race/ethnicity, self-rated English proficiency, and native language. Although patients did need to speak English, Spanish, Mandarin or Cantonese to participate, we noted their native language in addition to the language in which the survey was administered.
Attitude Measures. A series of questions asked patients their degree of agreement with statements about the impact of email for health care on communication with providers, privacy, work for clinic staff, patient wait times, and efficiency of care (measured as categorical variables with five possible values on a Likert Scale).
Statistical Analysis
Chi-square tests were used to descriptively assess interest in and use of electronic communication. We examined both current email use and interest in electronic communication with providers by patient demographic characteristics. We also compared interest in electronic communication with providers among those currently using versus not using any email. All analyses were carried out using Microsoft Access and STATA 10 (StataCorp, College Station, TX).
RESULTS
Of the 594 patients approached for the study, 416 (70 %) agreed to participate. None were excluded subsequent to enrollment, and each participant completed some or all of the survey-408 of whom responded to at least one outcome of interest. There were also varying amounts of missing data across survey items, ranging from 4 % missing responses for gender to 13 % missingness for self-reported income.
Participants were ethnically and racially diverse, low income, spoke twenty-four different primary languages, and were generally representative of the overall clinic network patient population. Among the participants, 227 (58 %) were female, 306 (79 %) were under 60 years old, 245 (69 %) had income less than $20,000 per year, 308 (81 %) did not identify as white, 211 (55 %) were primarily English speaking, and 98 (25 %) reported poor or no English proficiency at all (Table 1) . Fifty-four percent reported they obtained general health information from the internet.
Overall, 60 % used email and 71 % were interested in using email to communicate with health care providers. As expected, those already using email were more likely to express interest in using it for health care communication (Fig. 1) . Despite this level of interest, only 19 % of those with email accounts reported having used email informally to communicate with health care providers. Table 1 proficiency. Participants who spoke Cantonese language and reported Asian descent were less likely to use email and less likely to be interested in electronic health-related communication. Participants who were white, AfricanAmerican, or had a higher level of education (college or above) tended to use email more frequently than other groups, with over 50 % of participants in each of these groups checking email on a daily basis or more. Among respondents who use email, most do so from home (59 %), followed by the library (28 %), a friend or relative's house (8 %), school (3 %), or somewhere else (5 %). Less than one quarter of those who used email received help from friends or family to get online. Next, we examined patient demographics by interest in electronic communication with providers. The strongest predictor of interest in email use for health-related communication among our study participants was any current email use, with only 8 % with email access not being interested in using email to contact their medical providers (Fig. 1) . A high level of interest in email for health-related communication among Spanish-speaking participants in our survey (Fig. 2 ) may be explained in part by a trend toward younger patient age among Spanish-speaking survey participants, but this trend persisted even after adjusting for age (p= 0.052) ( Table 2) .
Among those participants who did not use email, 40 % stated that they would be interested in using email to communicate with their providers if such an email system were available to them. Limiting the comparison to those not currently using email, there was no difference in interest in electronic communication with providers by gender, income, housing status, education, or ethnicity. Non-email users not interested in electronic communication with health care providers were older on average (52.5 years old versus 47.8 years old), had lower English proficiency (46 % versus 69 % rated "very good" or above, p=0.03), and were marginally more likely speak Cantonese or be of Asian descent (29 % vs. 16 %, p=0.07; 35 %. vs 16 %, p=0.07, respectively).
Electronic communication technologies other than email were commonly used among study participants. Fifty-five percent sent or received text messages. Among the subset of that group using text messages, most (87 %) were interested in texting for health-related communication such as clinic appointment reminders. When asked how long it should take a clinician to reply to a patient email, 41 % said less than 24 hours, and 84 % said it should take 72 hours or less.
Most participants agreed that email encounters would help to improve clinic efficiency through faster contact with providers, to avoid unnecessary visits, and to improve overall communication with clinicians. There were concerns that email would not be useful, because face-to-face visits may be needed to discuss health issues and email with patients could create added work for already busy clinic staff. Participants were evenly split over whether email would or would not protect the privacy of health information (Fig. 3) . 
DISCUSSION
In our study of ethnically diverse, low-income patients, we found that the majority use email; nearly three out of every four patients were interested in using email for health communication with their medical providers. While the clear majority of study subjects expressed interest in email use with health care providers, less than 20 % had used email to communicate with providers. This demonstrates an unmet interest in health-related electronic communication among patients in the safety net, especially in younger populations where use of internet-based communication is common. Our findings are consistent with national surveys showing the digital divide in internet use is shrinking faster than might have been expected. 23 Our findings in this safety net setting demonstrate an interest in electronic communication with providers that is at least as great as other studies among Medicaid and general U.S. population samples 24, 25 -suggesting that vulnerable populations are not lagging behind in their desire for new modes of healthcare access and communication.
Similar to previous work, our study found disparities in email use and interest according to educational attainment, age, race/ethnicity, and language. A strong predictor of interest in email communication for health matters was current use of an email account. Yet even among those without email access, a significant minority were interested in emailing with their providers. With respect to racial and ethnic disparities in email use, white participants reported greater use of email than other groups and Asian participants were least likely to email regularly. Email use was not highest among Latinos, but interest in email use for health related communication was highest among Spanishspeaking groups. This difference remained even after adjustment for the relatively younger average age of the Spanish-speaking participants.
Patients were largely in favor of using email technology for health, and agreed it would likely improve overall clinical communication and clinic efficiency. Many patients in our study also thought that this technology would create more work for clinic staff and would not replace face-toface visits. Interestingly, participants were quite aware of the busy practices of their clinicians and were sensitive to this in their thinking about electronic communication with their providers. This suggests that patient perceptions of a busy practice may influence how much they choose to communicate with their providers electronically. As in prior studies, 26 some patients felt that email may not protect their privacy or the confidentiality of their health information. Design of electronic patient health portals and communication tools should be sensitive to concerns over privacy in vulnerable populations. Our finding that nearly all patients using text messages were interested in receiving text messages regarding their health care raises a number of logistical and policy issues, particularly for safety net systems where many patients have cell phones but not computers. A number of recent health interventions using text messaging 27, 28 have shown promise addressing selfmanagement behaviors. However, privacy concerns remain because of lack of encryption and cell phone sharing. 29 Medical text messages and access to electronic health portals in public settings such as the public library should both be considered in the creation of privacy safeguards for electronic health communication tools.
Limitations of this study include its sampling from a single urban geographic area, though we surveyed patients at six sites and in three languages to yield a diverse study population. Moreover, the majority of the literature in this area has been generated in well-resourced settings, and our study was designed to address this gap. Despite presenting the study to participants as "a survey about email use", our low rate of participant refusal to enroll makes it unlikely that our findings reflect a systematic bias toward participation among those already using email. Our sample from FQHCs may not generalize to all safety net clinics and participants from a waiting room may not be representative of all patients empaneled to a clinic. We did not measure frequency of clinic use and could not control for patients who visit infrequently and may be less likely to email providers. Though some measurement items were similar to the Pew Research Center's validated Internet and American Life Project survey 23 and our questionnaire was vetted by content experts and clinicians practicing in the survey setting, our survey tool had not been previously validated. As with all questionnaire studies in a clinical setting, our study design creates the potential for social desirability bias in responses, though study staff were trained to remain neutral with respect to survey responses and were culturally congruent. We did not assess betweengroup variability in Likert scale responses specifically due to cultural differences. We did not directly ask about home internet access, though we did ask participants where they used email and most reported use at home, which implies internet access there.
Based on our findings, access to electronic communication tools (internet, email, and text messaging) is unlikely to be the primary barrier to adoption of web-based healthrelated communication in the medical safety net. To avoid creating new disparities in the use of and benefit from technology for health-related communication, resource-poor health systems should invest in technologies that allow for robust communication between clinicians and patients, training for patients who may not be facile with technology, and ways to tailor electronic health communication to patient language and literacy level 30, 31 . Usability testing of these technologies in vulnerable populations will be critical to ensure all patients benefit equally. Patientfacing communication technologies are urgently needed in under-resourced settings where they may reduce strain on provider capacity, increase efficiency, and potentially improve quality.
